Variations in total and ionized calcium during cardiac surgery.
Twenty patients undergoing cardiac surgery were studied to examine variations in total and ionized serum calcium and urine calcium during cardiopulmonary bypass. Serial samples of blood and urine were analyzed during bypass using a highly specific calcium electrode to determine the effects of hemodilution, various pharmacologic agents, and transfusions of citrated blood. Calcium chloride was routinely added to the crystalloid pump prime (400 mgs/L) and also administered when additional blood or crystalloid were infused. An average of 4.8 +/- .50 grams of calcium chloride was given per procedure. After induction of general anesthesia with nitrous oxide and Halothane, total serum calcium decreased from 10.0 +/- 0.3 to 8.5 +/- 0.8 mg% (p less than 0.05). Following heparinization, ionized calcium decreased from 4.2 +/- .08 to 3.9 +/- 12 mg% (p less than 0.05). Ionized calcium was not affected by reversal of heparin with Protamine. Following institution of cardiopulmonary bypass the ratio of ionized to total calcium declined about 13.4% (0.49 vs. 0.43). This ratio did not change during bypass but returned to normal immediately post-perfusion. Urinary calcium excretion averaged 1.9 +/- 0.6 mg/min and could not be implicated as a cause of hypocalcemia during bypass. Post-perfusion, ionized serum calcium rose 1.3 +/- .01 mg% for each gram of exogenously administered calcium chloride (p less than 0.05). From these observations, we conclude: (1) ionized and total serum calcium levels decreased significantly following institution of cardiopulmonary bypass alone, presumably as a result of hemodilution from the crystalloid pump prime and addition of citrated blood products; (2) induction of general anesthesia alone with nitrous oxide and Halothane is associated with a significant decrease in total serum calcium; (3) ionized calcium declined following heparinization but is unchanged by Protamine administration; (4) changes in total and ionized serum calcium are unaffected by urinary excretion during bypass; (5) exogenously administered calcium chloride significantly increases serum ionized calcium and these changes are inversely related to the circulating pool of calcium; (6) current protocols for administration of exogenous calcium chloride during bypass may result in insufficient levels of ionized calcium and we have adopted measures to correct these deficiencies, when indicated.